The history of the Meyer-Neldel rule's development and the initial collective efforts toward its comprehension have been described here. The whole story gives a nice occasion to trigger thorough analysis of the basic thermodynamic laws and looking for the true sense of the entropy notion.
INTRODUCTION
At the beginning of this year the 'Monatshefte für Chemie' has published a special issue devoted to the chemistry and physics of 'the Meyer-Neldel rule' (MNR). The there editorial [1] clearly establishes the interconnection between the MNR phenomenon and the correlation between the activation energies and the activation entropies, when speaking about kinetics (the so-called iso-kinetic rule, IKR) or about equilibrium thermodynamics (the so-called iso-equilibrium rule, IER). Meanwhile, nowadays, such hotly debatable phenomena as IKR and IER (cf., e. g., the works [2] [3] [4] and the references therein) are normally associated with the names of Constable [5] , Schwab and Cremer [6] [7] [8] , Gapon [9] , Zawadzki und Bretsznajder [10] , whereas the names of Meyer and Neldel are only mentioned in connection with their sole paper [11] ... This might surely be OK, if there would be no trace of the real cloud of publications on the theme by Dr. Wilfried Meyer, as well as by his teacher (and chief, in the R&D department of the OSRAM company), Dr. Ernst Friederich, plus a considerable number of the works, where the colleagues have genuinely tried to (re)observe what is presently called 'MNR' -and to physically-chemically explain the latter ... The present review aims at clarifying the true history of the MNR origination and the detailed analysis of the intimate interrelationship between the MNR and the conventional thermodynamics.
WILFRIED MEYER'S WORK AND THE EARLIER ATTEMPTS TO EXPLAIN HIS FINDINGS
Remarkably, Wilfried Meyer could somehow manage to publish his review paper [12] in the tragic *Address correspondence to this author at the Institute for Theoretical SolidState Physics, University of Karlsruhe, D-76128 Karlsruhe, Germany; Tel: +49 (0) 721-680-37-19; Fax: +49 (0) 721-608-70-40; E-mail: starikow@tfp.uni-karlsruhe.de year of 1944. This paper seems to be completely missed somehow, but it definitely deserves our attention.
The headline of his paper reads as follows: "Elektronenleitung in festen chemischen Verbindungen" (Electron Conductance in Solid-state Chemical Compounds). He starts by mentioning that he would like to deal with the "independent electron conductance", i. e. with the one, "which is related solely to the thermal energy in the solid state, but not triggered through some external impact, like incident light, e. g.". Then, he points out "both scientifically and technically outstanding progress" in the field he is describing, the general aspects of which have already been summarized in detail by Robert Wichard Pohl [13, 14] . Further, Wilfried Meyer also mentions the general problem initially posed by Ernst Friederich [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] , namely the "fundamental issue concerning the prerequisites of why the electron conductance might occur in chemical compounds", which "was altogether rescinded in the recent years, in comparison to a number of special problems in the field". To this end, Meyer explains the main aim of his review paper as follows: "Here, the problem thus posed will be considered from somewhat more general standpoints".
The paper [12] As for the point a), Wilfried Meyer notices as follows: "Compounds stabilized in all the three Cartesian coordinates through intermolecular forces, the so-called van der Waals' complexes in molecular lattices, cannot be electrically conductive [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] . This is why, the organic compounds will not be considered here". The modern audience definitely wouldn't agree with such a conclusion, for the so-called "organic conductors, semiconductors and even superconductors" are in the mean time well known (cf., e. g., [29] and the references therein). However, such findings have come much-much later -so, this ought to completely excuse Wilfried Meyer … In the following Wilfried Meyer carefully analyzes Ernst Friederich's and his own results, together with the numerous data and findings by other authors (e. g., by numerous co-workers of R. W. Pohl, by Carl Tubandt, who, together with his wife, clearly belongs to Nazi victims -and by Bernhard Gudden, whom Stalinists killed, although he was never a Nazi functioner …) -including his 'MNR' finding of the "charge carrier work function as a linear function of the specific conductance logarithm" [11, 12, [30] [31] [32] [33] [34] [35] for different semiconductors. Interestingly, the well recognized nowadays results by W. Meyer and H. Neldel were independently confirmed by (later on -Prof. Dr.) Werner August Friedrich Franz Hartmann (in his PhD thesis at the TU Berlin -during that time -TH-BerlinCharlottenburg -when he was working in the R&D lab of 'Siemens-Werke' in Berlin, as well as in his follow-up publication [36] ) ... W. Meyer has carefully and in detail analyzed many relevant works both in the German and in the English literature .
The main conclusion: Wilfried Meyer in his review paper [12] has definitely started to build up the true basis for the following detailed explanation of all the pertinent findings [11, [30] [31] [32] [33] [34] [35] 36] . Still, he hasn't directly considered any interrelationship between the MNRtype findings and thermodynamics.
It is also very important to acknowledge, that W. Meyer could somehow manage to beat the deadly 'Wehrmacht' draft and thus to seamlessly continue his research work. Meanwhile, the latter was never purely academic [58] : he and E. Friederich -they both -were even granted a relevant patent [59] . Moreover, he could survive during the overwhelming postwar yearsand, although obviously he wasn't capable of actively continuing his research, he could still act as an anthologist of two book volumes named "Technisch- Hartmann had in his work (PhD thesis plus paper [36] ) practically started trying to explain all the findings in question -but, as far as we know, hadn't continued this particular work later on in detail) … Noteworthy in this connection are the works by Drs Georg Busch from Zürich [60] [61] [62] and J. H. Gisolf [63] (Dr. Gisolf was earlier involved into a collaboration with Prof. Dr. B. F. A. Gudden [64] ).
Dr. Busch had carried out detailed experiments, to study electron conductivity in non-metallic compounds [60, 61] and subsequently published his summarizing report [62] . He had discussed in full detail the main findings of W. Meyer [63] .
In our opinion, both Busch and Gisolf have basically gone the same conceptual way, but underlined quite different aspects of the whole theme. On the one hand, it is throughout clear, that the electrical conductivity is dependent on the mobility of the charge carriers -and, on the other hand, on their concentration as well. But, altogether, the true main point here would be the competition among diverse microscopic factors, which either promote or thwart the macroscopically observed conductivity. But the most interesting remark belongs definitely to G. Busch, who had pointed out the possibility for the 'Meyer-Neldel's rule general validity' … Such a standpoint has really come true with the time ! For example, already in a really short space of time after the publications by Gisolf and Busch a number of works had appeared, where the Meyer-Neldel rule has been applied both to the electric conductivity and to generalized diffusive processes not directly connected with the latter [65] [66] [67] [68] [69] [70] , with the gradual appreciation of the intimate interrelationship between the Meyer-Neldel rule and general thermodynamics -in particular, of the Meyer-Neldel rule's relevance to the 'enthalpy-entropy ratio' … The notion of 'entropy-enthalpy compensation' was that time already actively discussed, but still without any reference to the Meyer-Neldel rule (see, e. g., [71] and the references therein).
The notion of 'compensation', however, still without any direct reference to thermodynamics, has been brought into connection with the Meyer-Neldel rule in the work [72] -and its authors conclude: any detailed explanation of the mechanisms discussed here should await the true understanding of what is the exact sense of the Meyer-Neldel rule.
To this end, as we have already mentioned earlier, the logically consistent impact of the 'compensation' involved, ought to be some counterbalance among all the possible process-promoting and process-thwarting factors, which brings realistic, viable unidirectional (and -most probably -irreversible) processes to their logical termination -and the corresponding system taking part in it -into the true thermodynamic equilibrium … Well, the modern readership might consider such statements odd and strange -and this ought to beg the immediate question: well, but how to reconcile such a standpoint with the well-known, conventional thermodynamics ???
Herewith we would like to round off our short review and re-direct the interested readership to more detailed review papers on the theme (cf., e.g., [73, 74] ) -for we would now like to switch to a more detailed discussion about the thermodynamic aspects of the Meyer-Neldel rule. But, prior to that, we shall deal in a nutshell with a truly absorbing problem, namely:
The Significance of the Meyer-Neldel-Rule for Chemistry An attentive reader might definitely exclaim here: All the above story deals but mainly with the solid-state physics, as it is -and what a kind of connection would exist between all this and chemistry ? … It has been noticed in the chemical literature already since a long time that the Meyer-Neldel's rule (MNR) might be considered a special, a specific case of a generalized compensation principle (cf. the review [73] and the references over there, e. g.). First of all, it concerns raws of similar findings for sets of different processes which are somehow related to each other (e. g., during kinetic studies on chemical reactions, one ought to deal with a certain set of reaction rate values, pre-exponential factors and activation energies, which are connected to each other, like ditto in the MNR cases, and obey the conventional MNR-equations (1) und (2)).
where conventionally corresponds to conductivity (but in chemical kinetics -to reaction rate), A stands for the pre-exponential factor, E -for the activation energy, k -for the Boltzmann constant and T -for temperature.
And if we employ in this case the conventional Eyring-Polanyi-(or Arrhenius-van't-Hoff-) equation, we immediately recast Eqs (1) and (2) in the following equation for the enthalpy-entropy-compensationwhich, purely mathematically seen, actually describes a linear regression of enthalpy H on entropy S:
where T c stands for the so-called "compensation temperature", whereas the regression constant a is possesed of the energy dimensions.
For example, the work [75] suggests the following physical-chemical interpretation for Eq. (3) (however, without any detailed analysis or the proper references):
where H res is introduced as the "enthalpy change of iso-entropic reaction". Would this be the actual sense of the empirical constant involved ? Here, we would like to consider this interesting problem in a bit more detail. In the work [76] we show that a valid, non-trivial enthalpy-entropy compensation ought to be a necessary and sufficient condition for the existence of some hidden thermodynamic cycle (namely, a Carnottype cycle). It is possible purely mathematically to partition such a cycle into a sum of infinitesimal Carnotcycles. For each of such partial cycles the both of the general thermodynamic laws in their differential form are true:
where the first of the both equations embodies the Second Law, so that the entropy S is represented by the Clausius' formula -and the second equation describes the First Law. Here the Q, U, p, V, , d correspond to the warmth, internal energy, pressure, volume, the inexact (path-dependent) and the exact (path-independent) differential. As soon as we in Eqs (5) get rid of the inexact differential, we get the well known Clausius-Gibbs' equation: dU = TdS pdV (6) which we would like to integrate under the isobaricisothermic condition (p = const, T = const), so that the pressure and the temperature would in effect correspond to the adjustable, controllable parameters of the system under study. To this end, the system's volume ought to be one of the main proper integration variables. And finally we arrive at the following result:
where Eq. (7) is immediately compatible with Eq (3), for H = U + pV, a U const TS const and T T c . Therefore, the energy constant a in Eq (3) should have nothing to do with the enthalpy, but rather with the Helmholtz' free energy … Hence, by and large, the physical sense of the entropy-enthalpy-compensation would consist in that during the process in question, the both thermodynamic potentials -the free energy (the potential of Helmholtz) and the free enthalpy (the potential of Gibbs) -come to be equal to each other.
Physical-Chemical Sense of Enthalpy-EntropyCompensation
In fine: the Meyer-Neldel's rule has undeniably something to do with the entropy-enthalpycompensation. But is such a statement physically (chemically etc. etc.) sensible ? And what does the latter notion actually mean ? Does it have any valid meaning altogether -or, as many colleagues state, such a compensation ought to be a kind of 'pipe dream' ? The theme is utterly disputable -and the relevant debates are still going on [2] [3] [4] [73] [74] [75] [76] [77] . But it is our firm belief that the compensations of such a kind are up to the hilt and intimately connected with the conventional thermodynamics -thus, we would like to reconstruct here the general logical train of thoughts leading to such a conclusion. There is a number of their different formulations which are well known and it is throughout clear that, although the Basic Laws are overwhelmingly general rules of the Nature AS A Whole, well outside the restricted area of thermodynamics, it is rather difficult to derive their actual practical sense from the available formulations. Apart from numerous diffuse references to some 'aggravating philosophic ambiguities', the conventional thermodynamic compendia and lecture scripts are also full of quite foggy deliberations like, e. g., 'reversibility/irreversibility' and 'equilibrium/nonequilibrium' … Should all of this be really so 'bad for the digestion' ?
The Basic Laws of Thermodynamics
As to the First Basic Law -its story is well known … And concerning the Second Basic Law we read in a publication of Edwin Thompson Jaynes [79] , the father of the "maximum entropy principle", the following wise words: First of all, we shall apply now to the assets of Felix Auerbach. He had in fact presented the rightest key to a successful solution of the problem posed above already long ago in his works [80] [81] [82] . Viz., he had point-blank described his detailed suggestions in his books [81, 82] -his descriptions are extremely clear-cut and pellucid even for the non-specialist audiencethey are even illustrated with lots of nice examples from the normal everyday life … One could trace the logics of Felix Auerbach's ideas as follows:
It is possible to formulate the First Basic Law following the works by Julius Robert von Mayer, James Prescott Joule and Hermann von Helmholtz in such a way that all the kinds of energy in the Nature are in a definite sense equivalent to each other. Otherwise, the World As A Whole would be governed only by a total chaos, and there would never be any space for more or less distinct order. Further, one could in principle understand the conservation of the Matter, of the Substance, also in terms of the energy conservation.
2.
Along with this, all the natural manifestations are connected in that/those ways with changes, transformations, metamorphoses etc. etc., in such a way that the total quantity of the Matter, of the Substance, of the Energy still remains unchanged, according to the Basic Law. What is but being nevertheless changed, mind you, would only be the 'quality of the energy'.
3. This means: in fact, there ought to be not only the 'Conservation/Preservation Law', but also some kind of 'Variation Law' as well. Besides, a very important aspect of all the changes/metamorphoses in the world would be the availability of multiple, of a number of, logical possibilities for the outcomes/results of the changes in question, which are sometimes a priori difficult to apprehend/to conceive in detail. (Our remark: So, this is just how the notion of probability could naturally be taken into consideration !) … 4.
In the course of both spontaneous and enforced/perforced changes/metamorphoses, there are in most cases perceptible conciliations/levelings of some kind/type, so that there could practically be no way for 'conservative processes' in the strict sense of the word, that is the processes running without any severance and at the same time continuously preserve their primary/pristine 'form'. Normally, the conventional processes are at least in some sense finite, constrained, restricted, distinctly confined. (Our remark: This is why, we might infer herefrom that the final states of such processes correspond to equilibria of the pertinent kind).
5.
Thence the First Law, the 'Conservation Law', proscribes such 'perpetuum mobile'-processes that scoop the energy necessary to promote them out of nothing or blight the energy in a traceless way. And the Second Law, the 'Variation Law' in addition, ought to prohibit such 'perpetuum mobile'-processes that trigger infinite, unrestricted, truly conservative processes.
6.
The bottom line is that, as realistic, finite processes go along, the energy necessary for their proceeding ought somehow to be 'dispelled', whereas the total amount of energy remains unchanged -and only the 'quality of the energy' is getting changed. The 'intensive', 'useful', 'active' energy is getting 'extensive', 'useless', 'passive' -whereas the former energy does not disappear -for it is being transformed into the accomplished useful work. And the energy conversion efficience in such processes would never reach 100 % -just owing to the inevitable 'devaluation of the useful energy', as Carnot had shown.
7.
And now the question arises as for the nature of the 'reversibility'. Our 'Mother Nature' is normally possessed of either absolutely irreversible -or only partially, only contingently reversible processes. To this end, the famous circular process of Carnot should be nothing more than his ingenious theoretical widget, just to make out the actual impact of the Second Basic Law.
8.
In a nutshell: The above-mentioned degree of the energy 'distraction' or 'devaluation' could be dubbed -'Entropy' -according to the works of Carnot, Clausius and Lord Kelvin, so that in the course of any realistic, finite process the entropy should increase -(Our remark: up to the 'point' where its impact finally manages to counterpoise the forces promoting the process under study. This is just the logical way of how the latter comes to its natural end -and the whole system in consideration -to its equilibrium state).
Basically, similar ideas had been more or less simultaneously expressed not only by Felix Auerbach, the German physicist, but also by Frantishek (Franz) Wald, the Czech chemist [83] and by James Swinburne, the British engineer [84] [85] . Among other interesting topics, Werner Kollath analyzes Auerbach's ideas in detail und tries to place them in a row together with the ideas of other authors, like Jean Gerber, Norbert Wiener, Bernhard Bavink -withal, he is following the original suggestion of Auerbach, to replace the original notion of 'entropy' with that of 'ectropy' … Interestingly, Auerbach's 'ectropy' is in effect awfully well correspondent to the notion of 'negentropy' by Erwin Schrödinger [86] und Leon Brillouin [87] (whereas the modern considerations concerning the latter notion are discussed in detail in [88] The 'what is entropy' debate around the deliberations by James Swinburne is described in detail in the book about Oliver Heaviside [89] . He was actually only peripherally involved into a 'nasty squabble [89] (on the concept of entropy) between James Swinburne and John Perry' -well, that 'squabble' really was in itself 'nasty' enough [90] [91] [92] [93] but Oliver Heaviside, together with Oliver Lodge, although their deliberations were reasonable enough, had obtained a really hard (and, in effect, unfair !) response from Max Planck [89, 93] .
This condition of the greatest disorder and, respectively, balance -i. e., the lack of differences between the levels, leveling -is now known as 'entropy', and Boltzmann has transferred this idea to the universe as a whole and expressed the assumption that the Second Basic Law, as it is, also applies to the universe, so that the latter ought to head for the total heat-clutter, to an over-all general compensation, to an over-all leveling, indiscrimination, stoppage. He described such a final result as a 'heat death'. But it is also possible to represent this situation as a kind of
Furthermore, an important topic intimately related to that entropy story was also discussed in German periodicals about during more or less the same timenamely, the Second Basic Law [94] [95] [96] [97] [98] [99] [100] .
After the address by Joseph Bertrand [94] , Carl Neumann [95] been tried all evidence obtained through no assurance probability". Then, he expresses his own standpoint which boils down to the following: 'The Second Basic Law is undoubtedly a very important problem to be treated seriously, but for the time being (by the end of the XIX-th century) there is a lack of its clear, unambiguous formulation, so that any application of such a law ought to be considered precarious' … This address had called several authors to action, Max Planck, Karl von Wesendonck, Otto Wiedeburg among them [96] [97] [98] [99] [100] [101] . That discussion was extremely fair, unlike the British one, but, among the three named colleagues, only Max Planck had thrustfully and fruitfully continued the work on the correct formulation of the Second Basic Law and its application, for Otto Wiedeburg had passed away, whereas Karl von Wesendonck had for some own reasons quit the scientific community … But right before his departure he had published a paper [101] , where he tried to call the attention of the colleagues to the Swinburne's address [84] , as well as to the address by the prominent German engineer, Hans Lorenz [102] , which actually contains a kind of paraphrase of the Swinburne's conclusion: The above address had attracted attention of two outstanding theoreticians, namely of Arnold Sommerfeld in Germany and Ryogo Kubo in Japan, who had considered it in detail in their works [105, 106] independently of each other. And their conclusion can be summarized as follows:
"The remarkable conclusion on the primacy of the entropy over the energy thus applies a fortiori.". Well, the above idea seems to have been transformed into a kind of commonplace.
Indeed, we read in the book by the well-known German physicist, Hans-Dieter Zeh [107] : Along with this, he presents a detailed discussion about some kind of "entropic forces", which "ought to govern the solubility of hydrophobic compounds in water". But, in effect, the latter representation cannot be verified by detailed physical-chemical studies, for the solubility of hydrocarbons in waters is demonstrating some kind of enthalpy-entropy compensation instead (Our remark: there was a usual verbal reaction of Soviet students, when something really important comes quite unexpectedly: ' , ', 'by the way, about the small birds', 'übrigens, was die Vögelchen anbelangt', 'par ailleurs, sur les petits oiseaux') [109] :
The … Remarkably, there is but at least one book in the field of natural sciences [113] , where the authors analyze in detail "the entropy as a measure of the 'value' of energy" and then manage to present a very handy formulation of the both Basic Laws of Thermodynamics:
"Basic Law: Energy can neither be created nor destroyed, so the energy satisfies a conservation law.
2)
Basic Law: Entropy can never be destroyed, but may still be generated."
Well, 'friends may meet, but mountains never greet' … To sum up: yes, of course, there must be some sensible physical counterparts of entropy -but what are they in fact ? So, what was then the main difficulty getting woven into the process of the Second Basic Law comprehension? Was it the absence of mathematical foundations ? Of course, not, not at all ! Both Clapeyron and Clausius have triggered the mathematical work which was carried out all over the world [114] [115] [116] and had its culmination in the work of C. Carathéodory [117, 118] . Further, the work on the mathematical foundations wasn't over with Carathéodory's publications. Indeed, the important addition by Boltzmann and Planck, as concerns the probabilistic nature of the processes' irreversibilitystemming from the atomic/molecular structure of the matter -could just be formally mathematically derived from theoretical statistics -without postulating the atomistic representation of the matter [119] .
Apparently, the true problem consists instead in some special logical structure of the Second Basic Law, as E. T. Jaynes has mentioned [79] … In our opinion, the key to the problem's solution was given in the book by a prominent German theoretical physicist, Richard Becker [120] , who had expressed this as follows: In fact, this discourse clearly shows how the logic might be re-arranged to produce reliably working practical rules at the expense of the physical sense. By inventing the notion of "entropic driving forces" which are definitely capable of serving as a useful, handy, practical and theoretical instrument in some particular cases, we consciously set aside the problem of clarifying the physical sense of the entropy notion … Obviously, without such a clarity the notion of entropy belongs to one of the 'Altlasten der Physik' ('legacy issues of the physics') [121] :
"Conceptual defects of the entropy notion:
That the entropy is qualitatively detectable could be considered a definite progress, but it is not enough to satisfy the corresponding claim of a physicist. Physicists know that variables might only be considered defined, if it is possible to introduce direct or indirect methods for their quantification. Disturbing here is also the fact that it is seemingly difficult to assign any simple macroscopic feature to such an undoubtedly macroscopically definable quantity as entropy. Interestingly, all this clearly looks like a serious philosophical question -in the French-speaking literature, both the well-known French philosopher, Louis Rougier [122] and the prominent Swiss physicist, a formal teacher of Albert Einstein, Charles-Eugène Guye [123] have published very instructive books discussing philosophical problems of physics and chemistry, as a whole -and thermodynamics, in particular. Apart from this, both phenomenological and philosophical ways of generalizing the Basic Second Law from the Becker's standpoint a) were independently considered in detail by the prominent Russian physicist, Orest Daniilovich Khvol'son as well [124, 125] , who could clearly show that the only entropy generalization attempt known at his time, namely the "heat death of the universe" leads to a logical blind alley. Moreover, he considers in detail the notion of 'compensation' … … Specifically, as Khvol'son puts in detail [125] , there ought to be a fundamental difference between spontaneous processes, which don't require any special triggering (he denotes such processes as 'positive' ones), as well as those anyhow triggered, induced (he denotes them as 'negative' ones). With this in mind, any realistic natural process could in principle be construed as a specific set of the 'positive' and 'negative' processes which compensate (notabene !) each other … … On the other hand, would the Becker's trains of thoughts a) and b) be the only logical ways to interpret the interrelationship between irreversible processes and their corresponding entropies ? Fortunately -not at all ! Specifically, if we observe a correlation between some phenomena A and B, the conventional interpretation would be to introduce the cause-andeffect relationship between A and B -and there are two variants: a) A causes B; b) B causes A. But it is also logically possible to introduce some (contingently latent) phenomenon C which is somehow closely connected to both A and B -and thus explains the observable A < -> B correlation. This is just the conceptual foundation of the so-called 'factor analysis of correlations' which was first introduced within the mathematical psychology [126, 127] and is presently well recognized in many fields both as a handy statistical method of multidimensional experimental data processing, as well as a powerful approach in working with theoretical concepts [128] [129] [130] [131] [132] [133] [134] [135] . But here we would just like to make use of the pertinent correlation concept [126] , to try revealing some latent factor(s) closely related to both entropy notion -and along with this -to irreversible processes, as they are.
… Now, to somehow clarify the concept, one should also recall the work by Ernst Mach, who was in his time very much -and very fruitfully -interested in finding the correct meaning of the Second Basic Law [136] [137] [138] . First of all, E. Mach had published a short paper [136] And, regardless thereof, Felix Auerbach had added that Eq. 8 would only be correct for completely reversible processes -or the cycles like those introduced by Carnot. Since in such purely theoretical circular processes the initial and final states are absolutely the same, then after such a process basically nothing would happen with system as a the whole -and hence the total entropy should remain to be equal to zero.
And for realistic unidirectional processes the total entropy would not be zero -instead, according to the Second Basic Law, the latter must grow -until the 'process-promoting forces' (i. e., those stemming from the useful, usable, energy) are completely compensated by the 'entropic forces' (it would be definitely convenient to betoken such forces this way) -and this ought to drive the system as a whole to its equilibrium state. Furthermore, in his followed books [137, 138] E. Mach had analyzed in general and in great detail the actual physics behind Eq. 8. For this purpose he had referred to the fundamental work of Wilhelm Wundt [139] . In Wundt's book 'The physical axioms and their relationship to the principle of causality' are discussed and carefully analyzed in great detail. However, neither that time, nor at present, most physicists, chemists etc. would normally place references of such kind, since Wundt was -and still is -well known as the 'greatgrandfather of scientific psychology' (so, "please, what this particular field has to do with physics or chemistry ?") ... Well, alas, the latter reaction regrettably belongs to the general human psychology. A propos: there was and still is practically the same arrogance which had already come to light in the case of Julius Robert von Mayer -of course, of course, of course -but -Mayer was not a specially trained physicist or chemist, just only a practicing physician. … Still, the W. Wundt's axioms are in fact of greatest interest, importance and weightiness for physics/chemistry -and E. Mach was definitely capable of recognizing this fact immediately.
W. Wundt had introduced a total of 6 axioms, which could be summarized as follows:
1.
All types of causes in nature are connected with specific kinds of motion.
2.
Every cause of a movement lies outside the moved object.
3.
All causes of movements might be considered acting in the direction of the straight line connecting their source points and their points of application, respectively.
4.
The effect of each cause is persevering.
5.
Each action has a corresponding reaction.
6.
Every effect is equivalent to its cause.
Further, according to W. Wundt, the principle of causality has a double meaning in any scientific research field. In part, it is considered the supreme law of all the possible events: 'Everything that happens has a cause', and partly it is also viewed as the supreme regulative of any scientific research and then it sounds as the 'principle of sufficient reason': 'Everything that happens has to be attributed to a particular cause which is enough to explain the happening'.
In addition, W. Wundt had also analyzed the correlations among the axioms introduced by him in detail. His conclusion: 'The last three axioms are clearly more general than the second and third ones, because the latter cannot properly define the quality of the natural causes' ... ... Now, 'armed' with W. Wundt's axioms, we might manage to interpret the Second Basic Law just in a straightforward way: Indeed, the entropy ought to be the total product of all pervasive, objectively existing counter-effects -or obstacles that are constantly and persistently trying to bring the successfully running process to a halt ... In other words, using the classification of O. D. Khvol'son [125] , we might consider any realistic natural process as a pertinent combination of 'positive' and 'negative' sub-processes which compensate each other.
Interestingly: The first (and only one ?) colleague in the world who logically and productively followed the train of thoughts mentioned above, was, as far as we know, Georg Augustus Linhart (George Augustus Linhart) [140] [141] [142] . Although he presented no references to anyone of the above-mentioned colleagues, at least the most of the works discussed here was certainly familiar to him ... Linhart did not want to (or somehow could not ? … If so, then it would definitely be such a shame !) publish his very interesting and important thoughts -so that all his rich mindset is now present only in the form of a number of 'dull' preprints ...
Understanding the conventional thermodynamics …
We have already started to analyze the physicalchemical roots of the entropy-enthalpy compensation in detail, using the conventional train of thoughts embodied in the Eqs 3-7 above, so that, as a result, we were capable of elucidating the exact meaning of the both 'fitting' parameters in Eq 3, namely, the compensation temperature, T c , and the ‚energy' constant, a [143, 144] . But the true zest of the whole story is that, in pursuing this way, we ought to eventually arrive at the logical roots of the conventional -the (so-called) 'equilibrium' -thermodynamics as a whole, which seems for the present to be a truly unexpected result at the first glance … Therefore, we plan to dwell on this interesting topic elsewhere.
CONCLUSIONS
… The long -and the short of it ...
1.
The discovery of the so-called 'rule of W. Meyer and H. Neldel' should not be considered a 'delusion', or 'supernatural miracle', or 'definite error' -but a direct result of the hard work during many years and by many colleagues -both the well-known ones -and those remained quite unknown.
2.
If the relevant experiments had been carefully thought over and correctly designed, if their results had been skillfully (i. e., statistically correctly) processed, then the observation of the Meyer-Neldel rule reveals a valid entropyenthalpy compensation -regardless of the particular nature of the process investigated (chemical, physical, biological, ... etc., etc.).
3. In such a way the entropy-enthalpy compensation shows the interplay between the two basic natural laws: the "conservation of energy" -and the "action-reaction dichotomy" (or, may perhaps, even better to denote it -the "action-reaction dialectics").
4.
Natural 'effects' are most likely to 'feed on' respective energy conversion processes (i. e., as the energy cannot come up from nothing, it should be somehow prepared in advance -to be useful for the process in question).
5.
The corresponding 'counter-effects' of any kind are ubiquitous and unavoidable -so, the entropy ought to denote the 'total amount' of the latter.
6.
Hence, the valid entropy-enthalpy compensation should be one of the key findings for deciphering the actual mechanisms of the natural processes in question -in most efficient and detailed way.
7.
All the above reasoning should also be applicable to computer modeling of microscopic physico-chemical processes (i. e., to such widespread theoretical approaches as, for example, molecular dynamics and Monte Carlo simulations).
